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Steel under the microscope
lUirnishfd inirror-liri;j;ht, etched
ill an acid-hath, a shiny square
ot steel is placed in the projector
microscope in the metallography
room at Crane laboratories.
To the lavman, the texture dis-
closed is surprising; as the hligree
desij^n ot mae;nihed snowHakes.
Sometimes it is like a relief map
ot" mountain ranges, sometimes
like tinelv veined marhle, some-
times like cumulous clouds.
Hut to the scientist in metals who
judges it with a connoisseur's eye,
the surface tells a tar w ider story.
It discloses coarse, uneven or
beautiful tine grains, tells ot dis-
proportions and proportions ot
constituents in the alloy, speaks
volumes concerning malleability.
ductility, hardness . . . gives a
key to action ot the metal in
service, all leased upon knowl-
edge ot the product.
Careful metallographic records
of all metals used in Crane valves
and tittings, painstaking micro-
scopic examination ot all new
metals offered for possible use,
are a part of the check and double
check and triple check which
is routine in C rane research and
manufacturing.
The full story ot Crane applica-
tion of chemistrv and science to
metals is told in a fascinating
book, "Pioneering in Science."
It is a valuable reference book
for engineering students. On re-
quest, we will gladly send vou one.
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OxTveldm^ lor Economy
Through the use of oxy-acetylene welding for maintenance and repair,
substantial economies In operating costs can be effected.
In almost every scrap-pile there are thousands of dollars' worth of
damaged or worn tools and equipment, much of which could be welded
into perfect condition and restored to service at a fraction of Its re-
placement cost.
A foundry, realizing this, now saves $72,000 a year by oxwelding
cracked pipe flasks that were formerly discarded.
Such a saving, while large, Is not unusual. It can be duplicated in
practically every industry that uses metal. Investigate the possibili-
ties of oxwelding. It will pay. We shall be glad to furnish you with
further Information.
THE LINDE AIR PRODUCTS COMPANY. THE PREST-O-LITE COMPANY, INC..
OXWELD ACETYLENE COMPANY, UNION CARBIDE SALES COMPANY,
Units of UNION CARBIDE AND CARBON CORPORATION
General Offices. ..New York [[133 Sales O f f ! c c s . . . I n the Principal Cities
65 Linde plants, 48 Prest-O-Lite plants, 174 Oxygen Warehouse stocks, 156 Acetylene Warehouse stocks
42 Apparatus Warehouse stocks, 245 Union Carbide Warehouse stocks
FOR Oxwelding
^ANDfuTTiNG
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Illinois' Only Co-operative Book Stores
Gifts That You Would
Like to Receive
Such is the array of fine gifts and greeting cards
to be found in these stores. I^et us help you in
your selection.
Fountain Pens and Pencils
Fountain Pen Desk Sets
Bookends with Illinois Seal
Books—Gift Stationery
Illinois Pillow Tops
Banners, Pennants, Blankets
Line-a-Day Diaries
Memory Books and Albums
Your Christmas shopping will be easier if you'll
drop in and browse around
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Illinois' Only Co-operative Book Stores
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Research In Civil Engineering at the
University of IlHnois
Prot. W. C. Hl xtingtox
llciul (if the Drpartiiiint of C/nni Knijiiu irln</
WITH the rapid development of the many phases
of ci\il engineering, new problems are continu-
ally arising which require extensive investigation
before many features of design and construction can be
satisfactorily solved. These problems are being studied
by practicing engineers, by the research staffs of in-
dustrial concerns, by governmental agencies, and by mem-
bers of university staffs working individualh' or on the
stafifs of engineering experiment stations.
STAFF—Research in engineering at the University
of Illinois is accomplished through the Engineering Ex-
periment Station. This year the Avork in civil engineering
is being carried on by one Research Professor whose entire
time is devoted to research work, by several other faculty
members who spend a considerable part of their time in
this interesting field, and by fourteen Research Graduate
Assistants whose energies are di\ided equally between re-
search projects and graduate study. These assistants are
chosen from a large number of applicants from recent
graduates of engineering schools throughout the country.
They are men who have made outstanding records in
their undergraduate work and are recommended by the
instructors under whom they have studied as being well
qualified for graduate study and research work.
FACILITIES—The civil engineering laboratories
for undergraduate instruction and for research are located
in the new Materials Testing Laboratory Building which
this department shares with the Department of Theo-
retical and Applied Mechanics. This building has an H-
shaped plan with outside dimension of 187 feet by 210
feet. The parts of the building corresponding to the legs
of the H have four stories while the major part of the
section corresponding to the cross-bar constitutes the
large testing laboratory and has no floor intervening be-
tween the ground floor and the roof. It is 100 feet b\
40 feet in plan with a clear height of 35 feet all served
by an overhead crane of lO-ton caphcit\'. The main
laboratory occupying this part of the building projects
1*^ feet into each wing, making a floor area of 14S
feet by 40 feet. Adjacent to this large laboratory on
one side is a section 110 feet by 26 feet in plan with a
clear height of 2S feet, all served by an overhead crane
and on the other side a section 110 feet by 26 feet in
plan with a clear height of 12 feet. The total width of this
central section including the main laboratory and the two
adjacent laboratories is 92 feet.
Those portions of the floor of the large laboratory
not occupied by testing machines are 16 inches thick and
heavily reinforced. They are provided with insets placed
six feet center to center in each direction, eacli inset being
capable of withstanding a pull of 50,000 pounds. Ex-
perimental structures built on this floor can be loaded
by means of anchors attached to the insets. The prin-
cipal testing machines in the research laboratories are
shared by both departments and are as follows: A
three-hundred thousand Riehle Universal Testing Ma-
chine capable of testing a 20-foot column or tension
specimen or a 20-foot beam; a six-hundred thousand
Riehle Universal Testing Machine capable of testing
a 25-foot coluiiin or tension specimen and a three
million pound Southwark Emery Um'versal Testing
Machine capable of testijig a 38-foot column or tension
specimen. Several smaller machines of capacities of
fifty thousand to two hundred thousand pounds are
located in various parts of the building. Auxiliary facili-
ties such as shops, moist closets, constant temperature
looms are provided and the necessary apparatus, strain
gages, and tools are available. Well equipped labora-
tories for research in bituminous and non-bituminous
highway materials occupy the third floor of the east wing.
FINANCIN(; OR PROJECTS—The funds for re-
search work at the University of Illinois are provided by
the University assisted by technical societies, bm-eaus, as-
sociations, and industries who are directly or indirectly
interested in some phase of research or who, in many
cases, come to the University for the .solution of problems
with which they have been confronted.
HEARING VALUE OF ROLLERS—One of the
most important projects now underwa\ was inaugurated
because of the unknown stress conditions in the rolling
parts of rolling bascule bridges. This type of moveable
bridge opens by the rotation of a bascule leaf to a nearly
\ertical position by the rolling of one end, as shown in
Figiue 1. Due to the weight of the massive structure, the
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load to be carried by the rolling; end of the bascule leaf is
very large. Steel rollers of various compositions, heat treat-
ments, and diameters up to 40 feet were studied and a
specification for the allowable loads was finally formu-
lated. Without doubt, this specification will become the
basis for the design of the rolling parts of future bascule
bridges. Another ph.ise of this same investigation is con-
F III 111 Rnllinii llauiilr llriJ,/r
ceriied with smaller rollers, \arying in diameter from 2
inches to !20 inches, such as are used for expansion nests
and rocker arms of bridges. In this study, instruments
were used which will measure accurately deformations as
small as one-hundred-thousandth of an inch. In order to
detect any change in the crystalline structure of the steel
forming the rollers being tested because of the loads to
which they are subjected, X-ray studies will be made.
This project is being carried on by Alfred Hedefinc, a
research graduate assistant and a graduate of Rutgers
College, and is under the direction of Research Professor
W. M. Wilson with funds supplied by the American
Railway Engineering Association, the Scherzer Rolling
Bascule Bridge Co., and the University.
DRAINAGE INVESTICiATION—Rainfall is of
course essential to our e.xistence but it may also be a
menace to life and property. Both of these factors enter
into an investigation of the rainfall and runoff charac-
teristics in east central Illinois which has been underway
in the civil engineering department for the past seven
years. During this period the quantities of water flow-
ing from seven water sheds, called yield, have been de-
termined by means of stream-gaging stations at the lower
end of each watershed under consideration. This in-
formation is of value to water-supply engineers, since
more and more communities are turning to surface waters
as a source of domestic water supply. The maximum dis-
charge for each watershed is also determined because of
its value in designing drainage systems to dispose of the
water during flood periods and thereby preventing injury
to crop and other damage and po.ssible loss of life due to
flood waters. Other factors than the quantity of water
to be carried enter into the design of a drainage ditch,
the most uncertain of which is the resistance to flow
offered by irregvdarities in the banks and the bed of the
channel and by vegetation such as weeds, willows, and
small trees on the edges of the channel. This investiga-
tion has contributed valuable information concerning this
factor and will reduce in a considerable measure the un-
certainty which has heretofore existed. In all cases the
relation between the rainfall and runoff for each water
shed is being determined. This relation depends upon
many factors such as the size, shape, and slope of the area,
and the character of the soil. The seven areas being
studied vary considerably in their characteristics .so the
results obtained will serve as a basis for prediction of the
yield and maximum discharge from other drainage areas
ulu-rc conditions prevail which are similar to those of
any of those under consideration in these studies. This
in\estigation is being carried on jointly by the civil en-
gineering department and the United States Bureau of
Public Roads. The work of the department is under
the direction of Professor George W. Pickels.
BIAXIAL STRESS—During recent years a new
form of spherical high-pressure gas container has been
iie\eloped to take the place of the common form of low
pressure gas holders used to store gas for domestic and
industrial uses. Being spherical in form, every part of
the steel shell of the type is subjected to equal tensile
stresses acting in all directions e.xcept that normal to its
surface. Many theories have been advanced concerning
the failure of material under such conditions but no def-
inite conclusions have been reached. Experimental studies
in this interesting field are being carried on using spheres
and hemispheres of cast iron, forged steel, and aluminum
.ibout eighteen inches in diameter. In testing, these
spheres are filled with water and pressure is applied by
means of a hand pump. Strain-gage readings are taken
in several places on the sphere as the internal pressure is
increased by stages until rupture occurs. The elastic
properties and strength of the material in the sphere
stressed in all directions is compared with the correspond-
ing properties of material of the same composition, treated
in the same manner but subjected to tension in one direc-
tion only. Such comparisons are expected to throw some
light on the phenomenon of biaxial stress. It is possible
to design this new form of container with a.ssurance of
satisfactor\- service but it is hoped that these and similar
studies will mean greater economy in the use of material.
F. B. Metterhausen, a research graduate assistant who
graduated at the University of Illinois, is now carrying
on the studies. He is working under the direction of
Research Professor W. M. Wilson and with funds pro-
vided by the Chicago Bridge and Iron Works.
SEWKR PIPE JOINTING MATERIALS—In
the construction of most lines of sewers it is necessary
that the entrance of w.iter from the surrounding ground
llimisflirr'ual shell sub jr, led to liydroslat'u prissun-. Shell is
sf'iui sleel mtuhined inside and outside to uniform tliiekness of
0.07 in. Biaxial stress investigation.
be prevented. Among the principal difficulties resulting
from the entrance of water into the sewers is the sur-
charging of the sewer, thereby reducing its capacity for
carrying the load for which it was designed. Where
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underground water is allowed to enter sanitary sewers,
and the sewage therefrom is treated, the load on the
treatment plant is increased, resulting in increased cost
of operation. Roots from trees and shrubbery sometimes
penetrate sewers in search of moisture to be found therein
and, finding the conditions suitable for their growth, so
fill the pipe as to stop the flow either partially or, with
the help of solid matters flowing in the sewage, com-
pletely. The leakage of sewage from sewers into the
surrounding ground is seldom the cause of difficulty al-
though occasionally nearby wells or sources of water sup-
ply may be polluted. Leakage into or from sewers occurs
almost entirely at the joints. It is essential, therefore,
that the joints be made watertight and sufficiently strong
to prevent the penetration of roots. To make a joint
tight under the conditions in which sewers are laid and
to have the joint remain tight during the life of the
sewer requires a material which is easy to handle and re
quires but little skill in forming the joint; it must be in-
expensive, durable, reliable, and must not be so strong
and rigid that slight movements which occur under the
ground due to settlement or other causes, will result in
the cracking of the pipe. None of these requirements
has been met satisfactorily by an\- pipe jointing material
now available. The civil engineering department is con-
ducting an investigation of pipe jointing materials for
the purpose of finding the most suitable material avail-
able. The Clay Products Association is co-operating with
the I niversity on this project. The work is being
directed by Professor H. E. Babbitt and is being con-
ducted by research graduate assistants R. B. Moorman
who is a graduate of the University of Illinois and H. E.
Dew from the Texas College of Agriculture and Me-
chanic Arts.
REINFORCED CONCRETE ARCH INVESTI-
GATION—Reinforced concrete arches are extensivelv
used in bridge construction and their use in building
construction is developing rapidly. The design of such
arches assumes ideal conditions which can never be met
in actual construction. For this reason, it seemed de-
sirable several years ago to undertake the experimental
study of reinforced concrete arches which were largt
enough to be considered as real structures rather than
as small models. Considering the facilities available for
testing, a span of about seventeen feet was decided upon.
Exhaustive tests of the bare arch ribs without the decks
required to carry the roadways have been carried on and
other tests have been made to determine the supporting
efifect of the decks of open spandrel arches. It is com-
mon practice to provide expansion joints in such decks,
so the efifect of these joints in various locations has been
studieil. The experimental work has been supplemented
by detailed analytical studies and considerable use has
been made of celluloid models. The results of the studies
of single-span arches have pro\ed to be so valuable to
the engineering profession that an ambitious project has
just been inaugurated which will take up the study of
multiple-span arches on elastic piers rather than on rigid
supports. This project will extend over several years
and will of course invohe the expenditure of consider-
able money. On this project the University has had
the financial assistance and the technical advice of the
American Society of Civil Engineers, through its arch
committee, and the Engineering Foundation. This in-
terest and support is to be continued and is now to
be substantially augmented by the United States Bureau
of Public Roads. Many research graduate assistants
have made valuable contributions to this work in the
past. This year the men assigned to this project are
research graduate assistants \V. M. Honour from Georgia
Institute of Technology and Glenn Murphy from the
University of Colorado. Research Professor W. M. Wil-
son is in charge of this project.
DEPENDABILITY OF THEORY OF CON-
CRETE ARCHES—Many factors enter into the calcu-
lation of stresses in concrete arches. Some of these, such
as the elastic properties of concrete can be determined
only by experiment but others are of a mathematical
nature and should be studied by analytical methods. The
(ymi rite (lit h in tisliiii/ nun him-
methods of analysis used may be subject to a considerable
number of discrepancies without very seriously affecting
the design. However, it is important to investigate the
possible discrepancies in the theoretical analysis and what
range of variation in the result is possible and probable.
An investigation of the factors which are subject to varia-
tion and of the effect of such variations on the stresses
in the arch has recently been completed by Professor
Hardy Cross.
JOINTS IN WIDE PLATES— Until recently, all
of the tests of riveted joints in plates had been conducted
on relatively narrow plates containing only a few rivets.
Since the plates used in tank work are very wide it
seemed desirable to investigate the action of riveted
joints or seams in wide plates, to study the properties of
different types of joints, and to compare the actual
strengths with the theoretical strengths. AH joints are
tested to destruction, observations being made to deter-
mine the strain in the plates and the slip in the rivets
along the entire length of the .seam. In the case of lap
joints, particular attention is paid to the effect of the
eccentricity of the load on the tightness of calked joints,
this being an important factor in the construction of
watertight tanks. Tests are made to assist in determin-
ing the effective net section of tension plates containing
rivet holes on two or more closely spaced transverse gage
lines. This question is still the subject of controversy
in spite of the considerable amount of experimental and
analytical study which it has received. E'unds for this
investigation are being provided by the Chicago Bridge
and Iron Works. Research graduate a.s.sistant C. O.
Harris, a graduate of the University of Illinois, is con-
ducting the experiments under the direction of Research
Professor W. M. Wilson.
AERATION OF SEWAGE—The activated sludge
process of sewage treatment is among the latest and most
satisfactory processes developed for sewage treatment.
(Continued on Poor 25)
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Pumping Gas — Foundation Problems
of a Substation
Andrrw S. Kr.ESZEWSKi '•>•>
IN THE fertile
semitropical cotton fields of Louisi-
ana and lower Arkansas, the recent property owner
has become a wealthy man ; not from the crop he can
ji;row on the surface of his farm, but from the rich na-
tural resource many hundreds of feet below—natural gas.
No doubt the majority of residents of St. Louis
using gas for light and fuel know little if anything of
the distance and route traveled by it or of the romance in
the task of getting it to their houses. Over the Ozark
mountains, across rivers and swamps, through vermin
and pest-infested wilderness, for a distance of 600 miles
and from 5 to 6 thousand feet below the surface of these
Louisiana fields it is brought into their homes to respond
to the touch of their hand.
Natural gas has been found in the last few years to
exist in an abundant volume in the northern part of
Louisiana and southern Arkansas. In this article the
writer will try to explain how the Mississippi River Fuel
company pumps natural gas from the fields at Bestrop,
La., to St. Louis, Mo., a distance of some 575 miles, and
will discuss in detail the foundation problems of one of
the substations.
This gas is pumped from the wells in the \icinit\ of
Bestrop, La., compressed at a "booster" station there, and
forced north up the line through a 22 inch pipe. Ninety
miles north a similar station sucks this gas up and again
compresses it to a pressure of 350 lbs, cools it, and then
boosts it ahead to the next station. This operation is
repeated all the way to St. Louis. The gas cools down,
and loses its compression on account of pipe friction and
small leaks, so a station is required every ninety miles
from the gas fields to the ultimate destination.
The Mississippi River Fuel company owners awarded
a contract to Williams Bros., Lie, of Kansas City, for
the laying of the 22 inch main line and gave another
contract to the Foundation company of America for the
construction of all concrete work in the five booster sta-
tions on this line. These stations were located at Bestrop,
La., Perryville, La., Pine Bluff, Ark., Fredericksburg,
Mo., and Jackson, Mo.
The original survey, topography and establishment
of a bench inark was made by the Mississippi River Fuel
company. Figure 1 shows the property lines and area
within which the booster station or compressor plant
was built, located about 27 miles Southeast of Pine Bluff,
Arkansas.
A base-line was run perpendicular to the center line
of the Pine Bluff road and located as N 88°-17' E, from
which all building lines and center-lines were established.
All the center-line of cohmins, the center-line of fly-
wheels, and the center-line of the 22 inch main line
were set at 90° to this base-line so that the plant was
parallel to the Pine Bluff road. A bench mark No. 1
was established at the high ground elevation of the prop-
erty and called elevation 100.00. From this all meas-
urements were made and all contour lines run.
A temporary office building and warehouse in which
two separate offices were maintained, one by the Mis-
sissippi River Fuel company, and one by the Foundation
company, were built. This building along with tempo-
rary camp buildings, buildings housing about 80 men,
and the drilling of a water well located in the southeast
corner of the auxiliary building was the first part of the
job. The well was a 4 inch water well and required
.1 weeks of steady drilling da>' and night before a suffi-
cient water supply was found. This was at 1400 feet
below surface and its capacity was 50 barrels an hour.
One of the snapshots shows a well being drilled which
was at the northeast corner of the property. This one
\\as 1800 feet deep and its capacity 42 barrels an hour.
A general ineie of the stalion ilnntu.
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The superintendent for the Foundation company was
W. J. Miller, a graduate engineer and a very practical
applicant of his long experience and theory. All the
work was done with the approval of Mr. Taylor, the
representative of the Mississippi River Fuel company,
will) li\ed and stayed on the job from the beginning to
the completion. My task was that of engineer and lay-
out man. 1 later designed the layout of the dwelling
houses and had the good fortune of being in charge of
the construction of this dwelling community. The com-
mon and skilled labor crew consisted of some 60 to 100
men. A good many of these were neighboring farmers,
but there was a disadvantage to this type of labor as
the day after a rain would find half of them at home
cultivating their cotton. We lived in a camp on the
job which housed about 90 men.
The working period was a 10-hour day, although a
good deal of overtime and Sunday work was done. Labor
was paid 25 to 34 cents and carpenters 50 to 65 cents
with straight time for overtime, and time and a quarter
for Sunday work. More than this could not be paid
for wages as the laborer in this climate can not do the
same amount of work as he can in the north. Colored
labor was used very little.
All material for the job had to be d rayed from Star
City Arkansas, a little junction town about 9 miles from
the job. This constant traffic with heavy loads of gravel.
Fif/iir
Steel, cement, etc., havded day and night required con-
stant repair work on this road and a special crew was
maintained by the company which kept the road in pass-
able condition.
The next step was the excavation for the compressor
vat. Cross-section levels were taken of the ground eleva-
tion over the entire area of the building location as both
cut and fill had to be kept separate.
The excavation was 195'-0x60'-0 by an average cut of
five feet and was performed with team and wheel
scrapers. The soil was stiff yellow gumbo, therefore the
banks were trimnie<l with a spade into a sheer bank and
thereby eliminated the cost of building outside frames for
rile mat. This reinforced concrete mat or floating was
!''5'-0x60'-0 and reinforced with a layer of %" round
rods spaced 18" apart and running at right angles to
each other and about 6" below the top surface of the mat,
and another layer about 6" above the bottom of the mat.
To avoid construction joints it was poured in one opera-
tion and required about 38 hours straight run, the mixer
being only % Y^^'i capacity. Dowel bars were left stick-
ing up 36" above the surface spaced every 12" to bind
and hold each compressor foundation or block in place.
This mat required 993 cubic yards of concrete of I :3:^
mix and 25 tons of •Vi" bars.
On top of this mat was the foundation for seven com-
pressor blocks, each to carry a twin compressor. These
compressor blocks were laid out and centered to the
center line of fly-wheel of compressor, and the center line
of engine. All blocks were 18'-(V' wide, 52'-0" long.
ANCHOR BOLT IN BLOCK
Fiiiur
lloiL' bolls
I'ujuyr ?:
Layini/ tlie fthtinf
5'-4" high at their lowest point and 8'-8" high at their
highest point, and each block centered 26'-0" from the
other. Figures 2 and 3, although without scale, will give a
general idea of these blocks. The forms for these blocks
were well braced with b"-6" timbers spiked and wired to-
gether with No. 14 -wire from one side to another. The
sides were built into panels and used two or three times,
which was considered a very good service and economy in
the prevailing heat of the summer, which was between
100° and 110°. Each block had a volume of 233 yards of
concrete with very little reinforcing. Some one-half inch
bars were used at corners but the entire block only required
about 700 pounds of reinforcing steel. The most important
part of each block was the setting of the bolts for the com-
pressors as each of these were held with 36 lyi" bolts
of various sizes ranging from 6'0 to 9'0 long. These had
to be centered with both the center line of fly-wheel and
the center line of engine. These bolts were hung on temp-
lets which were spiked to the forms firmly holding them in
place. A templet is made by setting a 2"x4", as long as
the forms were wide (18'-0)) on each side of the bolt
and nailing a small block between these 2x4's on each
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side ot the bolt, holding the bolt firnily on center. Then
two Mocks were set on end and wired alongside of the
bolt projecting above the templet and underneath
the top unit, holding the bolt to its elevation. Figure
4 shows both the method of hanging the bolt and
the way it set in the concrete. The bottom of the bolts
was wired each way and fastened to the frames in order
to prevent the bolt from leaning when the concrete was
poured. At the bottom of the bolt and aroiuid the bot-
tom nut a small water tight box was built and fastened
with wire, allowing the bolt to stick through the bottom
nut about 2". This box was left in the concrete and in
this manner the concrete held the nut fast but allowed
the bolt to be screwed out and removed from the block
when the machinery was placed. Then when the machine
base was centered the bolt was dropped through and
screwed into the nut again. Of course, when the ma-
chine base was leveled and shimmed up to the proper
elevation a fine grout was poured under the base and
this also ran into the bolt holes and then the bolt was
absolutely fast and could not be removed; however, this
is a great improvement over the old type of hook bolt.
This eliminated the hoisting of machinery over the top
of the bolt and then slipping it down over the bolts. With
this method and type of bolt machinery is accurately and
firmly set and aligned to center without any damage to
the bolts or any part of the machine itself. It also saves
cost of operating a hoisting engine and labor.
The seven foundations or blocks were all poured be-
fore any work was performed on the oustide walls. The
north, south, and west walls were ea.sily constructed but
Fiffui Trendies and
the east wall required a good deal more attention as the
trenches were connected with it and all intake and dis-
charge lines came through it. If you will refer to the
picture showing the trenches and water cooling tower
(Figure 5) you will notice 13 trenches which are con-
nected with the east wall of the compressor building,
perpendicular to it and directly behind each compressor
block, and one large trench running parallel to the wall.
The smaller trenches are called 8" conduit trenches and
the large one the 20" main header trench. The purpose of
these trenches is to cool the gas as it becomes very hot
when compressed. The gas is pumped from the 20"
suction line into the compressor through an 8" pipe called
the intake line, which runs through the first perpen-
dicular trench through the compressor building wall and
into the compressor, compressed to 330 pounds, and dis-
charged while very hot (somewhere around 120()°F) into
the discharge line in the second trench .which in turn dis-
charged it into the 20" main header. From here it is fed
into the coils in the gas cooler basin where it is cooled
and forced through the 12" discharge lines into the 22"
main line and boosted 90 miles north. Figure 7 shows a
cross-section of the trench at the compressor wall and 8
shows the route the gas traveled into the compressor
and out again into the main line. The floors of these
had to be poured together with the walls to prevent any
construction joints and to insure w'ater proofness. The
hanging and bracing of forms w-as perhaps the hardest
part of the construction of these trenches. It required
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very skilled labor and accurate measurements with con-
stant checking and rechecking. It become quite com-
plicated, as our space was very congested with heavy
bracing and form work.
The gas cooler basin and the water cooling tower
presented the same problems as the discharge trenches.
The form work was always completed on the walls be-
fore any concrete was poured so that that floor and wall
was poured together and no seams were made. When
the work had to be stopped the set concrete was chipped
and gouged to insure a good bond and joint connecting
the concrete. The walls being only 6" thick, extreme
care had to be taken in puddling and spading to prevent
honeycombs and still not bulge the walls. To pre\ent
the concrete from running out the floor of the trench,
making it irregular, the floor had to be poured first
with only about 2" of the wall poured about the floor.
It was left to set for about an hour before the rest of the
wall was poured. Then the wall with its reinforcing
steel placed 2" from the inside face of the wall and the
inside panel being hung from the top made it necessary
..i_._j_.^.J._.L
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to be extremely careful in concreting to eliminate all
honcjcombs. This made the pouring of the concrete
volume each day very small and checking of building
lines and elevation during the pour very essential. Similar
care had to be taken thiring the construction of the 12"
discharge pipe supports which were poured together with
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the cast wall of tlu* ^:is cooler basin and whicli wi'ic
4"-0 higher than the top of the wall, especially so be-
cause the support bolts were set right in tile concrete on
top of these support piers.
The small building between the water coolinji touer
and the trenches is the water pump house. This building
was only 36'-()"xlh'-()" holding fi\e separate touiuiations
tor the support of pumps wiiicli pumped the water to
the 100,000 gallon tank and the top of the cooling tower.
The water cooling tower co\ered an area of 48x18 and
its walls, footers, and floors were all poured in one opera-
tion also. The tower itself was built of California Red-
wood and was about 70'-0 high, held by guy wires. The
cooled water drained off the floor into the gas cooler
basin through drains at the north end of the cooling
tower floor.
The regular building, used for regulating tlie intake
and discharge of gas and also the fuel used (natural
gas) for the operation of compressors, was only 12'x20'
and very simple to construct. The auxiliary building and
the warehouse and machine shop were simple construc-
tion. The foundations shown in the auxiliary building
are for the generators.
The picture showing the 100,000 gallon tank under
construction also shows the concrete support piers. If
you will notice the layout sketch (Figure 1) you will
see that the tank sets over the base line. The south sup-
port piers were directly on the base line, making it neces-
sary in laying out the centers of these piers to also pro-
vide some means by which the form could be checked
before they were poured. First a stake was established
M
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The Navy's New Airship, ZRS-4
MiLO S. Ketch L.M, Jr. '31
THE United States iia\y is now building at Akron.
Ohio, a large rigid airship, the ZRS-4. The reasons
tor giving the airship these Itters are interesting be-
cause they indicate the use to which the navy intends to
put it. ZR means a rigid airship of the Zeppelin type,
S shows that it is for scouting work and 4 indicates that
it is the fourth of this type. It will be 785 feet long
and 146.5 feet in height with a total volume of 6,500,-
000 cubic feet, roughly three times as large as the Los
Angeles and twice as big as the Graf Zeppelin.
The construction of this ship has been entrusted to
the (loodyear Zeppelin Corporation, a subsidiary of the
(lOodyear Tire and Rubber Company of Akron, Ohio,
who purchased the American rights to the designs and
patents of the Zeppelin Company of Freidrichshafcn,
Germany, in 1923. At this time a number of German
engineeers were brought to this country, including Dr.
Karl Arnstein, Chief Engineer of the Luftschiffba\i
Zeppelin who had accumulated experience from the con-
struction of over one hundred airships during the war.
An international design competition in 1926 for a
large rigid airship was the first step leading to the con-
struction of this dirigible and first place was awarded to
the Goodyear Zeppelin Co. In the following year.
Congress authorized an appropriation of $8,000,000 and
1928 the contract was signed with this company. The
first ship was to be furnished in the spring of 1931 and
the second was to be finished a lear latei'.
The Airship Dock
In 1929 an airship factory and dock \\'as completed in
Akron to house the ZRS-4 while it was being built. It
is the largest structure in the world without interioi'
supports and will house a dirigible up to ten million
cubic feet capacity. The building is roughly a semi-
paraboloid in shape, that is to say that sections taken
across it form parabolas and its longitudinal section also
forms two parabolas connected by a straight line. The
general design consists of eleven arches spaced eighty
feet apart connected by a system of vertical and horizontal
trusses. These arches were erected with three hinges
hut after the dead loads were on they were converted
to the two hinged type by riveting the lower cord. The
doois resemble huge orange peels and are constructed in
this manner to reduce wind current eddies about the
ilock. Proper design is needed in this respect because the
most difficult part of airship operation is taking the ship
in and out of the hangar for cross currents tend to brush
it against the shed and damage it.
The Design- of the ZRS-4
The ZRS-4 is built on the triple layer principal of
the Zeppelin type ships ha\'ing ( 1 ) a rigid metal frame
work to withstand the major stresses from the loads
carried, lifting gas forces, dynamic and aerodynamic
forces; (2) gas cells within to retain the lifting gas; and
(3) a taut fabric outer cover, doped anti nietalized.
waterproofing it, protecting it against the elements, re-
flecting rather than absorbing heat and offering a smooth
flying surface. It is to be inflated with non-inflam-
mable helium gas which has been .ulopted b\- .Americans
rather than the inflammable hydrogen. That hydrogen
filled ships can be operated safely has been demonstrated
by Dr. Hugo Eckener in the many flights of the Graf
Zeppelin. However with untrained crews and untried
designs, the risk is too great and there is very little doubt
but that helium will be the only gas used for dirigibles
ui the future.
The use of this gas entails the following losses.
Helium has but 92.6 per cent of the lifting capacity of
ZRS- jramfivnrk tii Jftih
luiirogen, making a ship the size of the ZRS-4 but little
greater than the R-lOO (5,000,000 cubic feet). This dis-
advantage is in a measure over come by placing the en-
gines inside the hull to cut down the resistance cau.sed
by the ordinary gondola in the air stream and additional
lift is obtained by gearing the propellers so that they may
be directed downward. This system has never been used
before with hydrogen because the fire risk has been great.
The power plants have been placed outside the ship in
cars attached by outriggers so as to supply ample ventila-
tion and prevent the possibility of a spark from the motors
igniting the hydrogen. It is evident that with the new
system the airship will be much more maneuverable
than with propellers acting only in horizontal direction.
.As the ship approaches the field and is light from the
consumption of fuel, the engines will be pointed toward
the ground and the ship will come slowly down to be
caught by the ground crew.
With helium a method of recovering the water from
the engine exhaust is needed. When hydrogen is used,
gas is released in flight as the ship grows lighter from
the consumption of fuel. Helium is much too expensive
to release in this manner so that means must be found
to offset this loss in weight. Two methods are used to
accomplish this. The (ilraf Zeppelin burns "blau gas,"
a methane gas, which has the same specific gravity as air
in its engines and there is no loss of weight in consump-
tion of fuel. The Americans have collected water from
the engine exhaust to replace the loss of weight due to
gasoline consumption. This is accomplished by a con-
denser made of long tubes placed in the air stream. In
the Los .Angeles where this system has been perfected the
(Conlinui'J on Poo,- 20)
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Our Attitude Towards Military Training
The perennial controversy between youthful mili-
tarists and pacifists is once more in full bloom. And
as usual most of the controversy is quite beside the point.
The pacifist is almost always far too ideal; the militarist
too narrow-minded and imperialistic. The real issue,
however, is more personal than either of these two classes
would have us believe.
Among things we have picked up in four years of
college is the realization that few wars right wrongs,
that victory is on the side of might, and that most wars
could have been avoided by the use of a little more in-
telligence at the right time. And from a dozen films we
have seen that while the dolce part of the pro patria mori
phrase might have been applicable in the days of knightly
combat it is hopelessly inapplicable today, where the
enemy is not one against whom one can match one's skill,
but only a blind piece of shrapnel which will tear off
the leg or rip the chest of a mighty fighter and a tremb-
ling coward with equal ease. Most of us are fairly glad
to be alive, too, and recall that a good many years ago
Solomon made a remark about live dogs and dead lions.
Another thought that is hard to shake off is the con-
ceit (which in technically trained men can hardly be
called conceit) that we are worth more to our homes and
the world when we are excavating for a building than
when we are digging a hole to dodge bullets in. We
remember that 19-year-old scientist who fell on the
eastern front during the war—he had already learned
more about molecular structure than had ever been
known before—and wonder if he might not have con-
tributed to a far greater degree to the peace and safety
and comfort of the world if his government had used one
iota of common sense and sent him back to his labora-
tory instead of giving him a gun.
And now, as the legions of irate cadets mass foi'
attack on our editorial strong point, we hasten to assure
them that no warfare is necessary. Nobody but a fool
thinks that wars have been relegated to the past. No-
body, including the fools, thinks that any government
will ever use any sense after a war is declared. And
since the world we live in, rather than the world we
might like to live in, is the one with which we have to
deal, the fact remains that each of us may find himself
some day involved in war.
It behooves us, then, to be as well prepared for that
eventuality as possible. From either a national or a cos-
mopolitan viewpoint, a short war is a good war. And a
short war means adequate preparedness—trained men who
can spring into action at the first call; trained technical
men, who can put their engineering to this emergency
use ; trained leaders, who can not only do things themselves
but can guide others in the doing of them. This in turn
means only one thing; military training in the universi-
ties. For it is in the universities that the best leaders
can be found, and it is during the university period of life
that these leaders have the most time to devote to this
training.
Dwellers in bottom-lands risk occasional inundations
in exchange for the great returns on the fertile lands
they cultivate ; they have learned that building them-
selves flood protection systems is more profitable than
running away. Just so, a great nation cultivating its
colonies and its foreign commerce runs the risk of occa-
sional wars ; and here an adequate war-protection system
is of more value than retirement in times of crises.
On with the parade
!
Economics For Engineers
The recent talk of Mr. Frank T. Sheets, Chief High-
way Engineer of Illinois Division of Highways, brings
\-ividly to the minds of student engineers the growing
need for a suitable course in economics, designed for en-
gineering requirements as related to basic economic
theories and practices.
At present there is no course in economics open to
engineers other than those to be reached by first wading
through an utterly impractical introduction to economics,
intended for students who have the time and opportunity
to delve more deeply into the subject. An engineer, no
matter what his course may be, has neither the time nor
the inclination to make a detailed study of economics but
the continually widening fields of all branches of en-
gineering activity demand a general grasp of economic
realities.
Our engineering faculty contains several men fully
capable of teaching such a course; surely suitable text-
books are available ; engineers, student or practicing,
heartily welcome new and practical courses like this one;
why not therefore keep in step with the times and ofifer
"Economics for Engineers?" J. R. Webb '31.
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On a Previous Editorial
The man who said nobody reads editorials was all
wrong. After our November issue came from the press
with "Some Suggestions for an Improved Curriculum"
we spent several interesting days dodging faculty mem-
bers.
And after reading this editorial ourselves, we came to
the conclusion that some of the growls artd dirty looks
were quite justified. For example, it was stated that in
the highway course "the repaving of Wright street was
scarcely mentioned, tho'.igh costs of hypothetical jobs were
figured."
It should be said that this project teas figured in the
senior classes in highway construction, and that these
classes also do considerable investigation of local traffic
problems in a very practical way. The reference was to
the junior classes, and in particular to those classes in
which the students are electing options which prevent
their taking any more highway courses. It still seems
to us that they might have benefitted by some such in-
vestigation.
It should also be said that a two weeks' investigation
of arc-welding design has been included in the senior
design course this year for the first time. This is a valu-
able addition to the course and we are grateful.
However, we still stand by our guns. Courses must
be as practical as they can be made, and every advantage
which can be taken of local work should be taken. Even
a short inspection trip might be made during the junior
year. It might aid an uncertain student in choosing his
option and his electives for the next two semesters.
We are glad to make the above correction, and hope
that any future misstatements or misleading statements
will also be called to our attention.
On Learning to Talk
A member of the engineering faculty digressed from
the main discussion topic the other day and spent some 40
minutes in a talk on "learning to talk. ' The time could
not have been better spent.
The question which brought forth the remarks was
"Are we held for these big words?" The questioner was
voicing a quite general query, too. In the next few
minutes the class gathered that it might be held for those
big words.
We Americans have a very pliable language—it can
be bent to serve every purpose. If a new need arises,
new words are invented to take care of that need. Most
dictionaries have heavy beards when they come ofT the
press.
Out of all this store of words only an insignificant
few find their way into daily conversation. It is said
that a woman can get along on a vocabulary of 2,000
—
or is it 200?—words; repetition does have its effect!
Probably the laborer's vocabulary does not need to be any
larger than this. But with professional men a large
vocabulary should be a matter of pride.
This does not mean that "thinking" must become
"ratiocination" or "cogitation." A sufTicient vocabulary
is one which has a fitting word for every place. "Think-
ing" is a word which fits—it has the added advantage
of being easier to say and more generally understood, (^n
the other hand, there is no reason for shrinking from
using a word because it is four or five syllables in length.
If it is the word for the place it should be used—and if
the listener does not understand, he is the one to be em-
barrassed, not the speaker.
Precise language is delightful to hear. Its use makes
for increased self-respect. It straightens out our thoughts
and makes them definite. It gets us what we want. It
is one mark of a cultured man.
The dictionary is not a Decameron, that one should
blush when caught stealing a glance at its pages. It is
rather a practical handbook for every day use, which
should not require dusting along with the family Bible.
And second only to lawyers, perhaps, engineers should
be masters of speech—which means that they should use
this handbook diligentlv.
The Engineering Cotincil
An inquiring reporter, we imagine, would have to put
the question "What is the engineering council?" to many
a passerby before he would xeceive an intelligent answer.
And small wonder, for the poor Illini are befuddled
enough remembering those hundred and one organiza-
tions which do function, without bothering their brains
about one which simply exists.
There is on the campus, however, an engineering
council, composed of the presidents of the various en-
gineering organizations and one or two other students
and some faculty members, which lives and moves and
has its being—barely. We believe that with the new
university administration, which has gone on record as
quite favorable to student activity, this council has a
possibility.
What could it do?
It occurs to us first that the engineering council is
the proper organization to sponsor some sort of St. Pat's
day celebration, such as we described in our November
issue. There would be time, if it would begin action at
once, to arrange a very attractive program for the 17th
of March.
Various departmental clubs bring speakers of national
repute to the campus from time to time. It would be in-
teresting to see what an engineering council could do in
the way of arranging a .series of lectures which would
be of interest to the undergraduate body as a whole. It
might even be possible that some sort of scheme could be
worked out in a year or two on the order of the freshman
lecture—a sort of continuation of that course— with
nationally known men for speakers. If engineering stu-
dents are interested in having such a course, the request
for it and general outline of what is desired might
properly come from the Engineering Council.
Despite the opinions of the Loaf Around and Sleep
school, if an engineering council arranged one or even
several social functions on the order of the present Union
dances, we imagine some few boys might straggle out and
attend.
Other uses of the council would suggest themselves
rapidly once it began to function.
Once Again Mr. Schaefer
With vacation in the offing it would be a fine thing
for engineering students to cast about them for a subject
and make plans for spending some of their leisure time in
preparing an e.ssay for the Schaefer contest. We can think
of no better practice in technical writing than this com-
petition affords.
The rules have been printed in the October Techono-
graph, and copies may be seen on the bulletin board or
obtained in the office of the school of engineering. An
example of the type of article satisfactory for the contest
is the contribution in the current i.ssue entitled "Pumping
Gas—Foundation Problems of a Substation," though this
is somewhat longer than specified.
The Technograph will publish the winning contribu-
tions in its spring issues.
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Ci>il l-'-niiinccrins*
llisliest honors of the recent election to
find the senior C. E. most likely to succeed
were carried off jointly by L. P. Murphy
:ind James F. Chandler. Both men al-
ready have had no small share of success
in the enijineerinf; field.
James F. Chandler worked for five
vcars on the Ohio river for the War De-
partment in the capacity of instrument
man. draftsman and inspector; also he
has worked for the War Department every
summer since entering the I'niversity in
1927. Mr. Chandler is a member of Phi
Kta Sisma. Chi Epsilon, Mu San and
Theta Tau.
Lawrence P. Murph\ is a man of ivide
and varied experience. Before he entered
the I'niversity of Illinois he had worked
for a glass factory, a zinc smelter, a con-
crete contractor, several automobile fac-
tories in Detroit, and had worked three
vears in a coal mine in southern Illinois.
Mr. Murphy stayed out of the Cniversity
one year since entering, during which time
he was an assistant engineer for the V.
S. War Departinciit, working on the (iulf
to Great Lakes Waterway and had charge
of from thirty to fort\ men, a <|uarter
boat and a steamboat.
Mr. Murphy is a man who has made
great use of his summer vacations, work-
ing one summer in a coal mine, the next
as senior draftsman for the War Depart-
ment, and the last one, in charge of all
field work for the U. S, War Department
on the Illinois river. In view of the past
brilliant records of these two men, we feel
that the results of our election were en-
tirelv justified.
W. M. Phillips wins the title of most
handsome senior C. F.
—
Illiiii I. S. C. F.
made of testing towers which arc in the
M. E. Lab. On November 26 several men
came down from Chicago to help in the
studies.
Chi Epsilon began the >ear with thirteen
active members and now has six pledges
who are: W. E. Bohn, W. R. Fickett.
Mvron Herzog, J. C. Griffith, C. V.
Kring and .^bran Sears.
Mechanical Engineerini*
.'\n annual meeting of the .\. S. M. E.
was held in New York December 4-6.
J. C. Reed and E. E. Ambrosins pre-
sented a paper before the .\merican
Societv of Refrigerating Engineers in New
York on December +. Prof. .\. C. Wil-
lard, Prof. A. P. Krat/ and Mr. S. Konzo
are to attend the National Warm .\\v
Heating Association meeting at Columbus,
Ohio. December 2 and 3. Dr. James L.
Tvron. director of admissions at the
Massachusetts Institute of Technology,
was at the university November 15 to see
those students who might want to transfer
to the Massachusetts Institute of Tech-
nology. The Technology Club gave a
dinner for Dr. Trvon at the rniversit\
Club.
There has been set up a model of the
Chicago Subway and studies arc being
r. and A. M. Department
Professor Herbert Fisher Moore, of the
department of theoretical and applied me-
chanics, was the guest of honor at a
dinner given by the department, on the
evening of November 3, in Bradley hall.
The affair was in recognition of his work
(lone on the fatigue of metals and in cele-
bration of the awarding to him of the
1930 American Iron and Steel institute
medal.
Last fall at the annual meeting of tin-
institute in Ne\v ^ork, a paper, "Fatigue
of Metals," by Professor Moore was read.
The paper is a review of the progress
made during the last decade. On Octo-
ber 24 he was presented with the medal
at a meeting of the American Iron and
Steel institute held in New York. He is
the second person to receive this award,
the late Dr. Elmer .\. Sperry, inventor of
the gyroscopic stabilizer, being awarded
the first institute inedal in 1929.
•.\ man of ingenuity, insight, imagina-
tion, energy, initiative, industry, and re-
sourcefulness," were the words used b>
Professor A. N. Talbot, professor emeritus
of the department of theoretical and ap-
plied mechanics, who spoke on Dr. Moore's
work in research. "He is an inventor, a
churchman, lecturer, writer, teacher,
dramatist, and the fond interest in his
family make his a well-rounded and
pleasant life. His versatility makes him
a gieat man."
Professor E. C. Baldwin, of the depart-
ment of English, commented upon his ac-
tivities on the campus, and characterized
him as "having the kindliest of natures
and a mild sort of humor." According to
the Rev. M. T. Kennedv of the First
Congregational church. Champaign, Pro-
fessor Moore's religions interests are "will-
ful, cheerful, and splendid."
In describing the relationship between
Dr. Moore and the students. Professor
John Goff of the department of me-
chanical engineering, said, "He alwavs
had kindly advice to offer, and showed
interest in the work of students.
"
In response. Professor Moore said that
the inventions with which he had been
connected was the composite work ol
manv, not one man. In conclusion. Dr.
Moore said, "I am going to take the ad-
vice of the pastor and cultivate a be-
lieving attitude so that I mav try to be-
lieve all the good things about me to-
night."
Eightv-six members of the faculty of the
College of Engineering were present at the
diimer. Professor M. L. Enger, head ol
the department of theoretical and applie<l
mechanics, was in charge of the dinner
and acted as toastmaster.
—
Daily lllini.
Mining Engineerino
.\. L. Barrett, min.e. '30, is with the
Pittsburgh Coal Co. at Library, Peiuis>l-
vania.
Walter W. .\nderson, min.e. '30, is in-
stalling a control laboratory for the Com-
mercial Testing and Engineering Com-
pany at C;ien Rogers, West Virginia. This
laboratory will sample and analyze all
cars leaving the mine and in addition
will make analyses of mine air, etc.
Prof. A. C. Callen, C. W. Smith, D. R.
.Mitchell and H. P. Nicholson, all of the
staff of Mining Engineering, attended the
fall meeting of the Illinois Mining In-
stitute at Centralia on October 31. Prof.
Callen was president of the institute dur-
ing the vear 1930.
C. \\ Borror, min.e. '26, with the
Canadian Johns Manville, visited Urbana
on his vacation during the fall. He is
superintendent of an asbestos mine at
.Asbestos, Quebec.
Homecoming visitors at the office of the
Mining Engineering department were: L.
I. Westenhauer '18, P. N. Ferguson '23,
C. y. Stephens '26, Franklin Swain '28,
E. i. Bottomley '28 and wife and W. I..
Lindsev '28 and wife.
Ereshman Lecture
The subject of Prof. Young's lecture
was China. He showed slides that de-
picted the primitive and also the modern
methods by which things are done in
China. China is a very old country and
is known in history as early as 3000 B. C.
One of its great problems is that of
language. There are several hundred dif-
ferent languages, usually a different one
for every territory.
Prof. Young showed the entire process
that rice goes through from the growing
to the cooking in the street. The rice
fields are flooded to a depth of about two
or three inches and as soon as the heads
show above the water the rice thinned.
This process is called "toeing." In this
process the men pull the plants up by the
roots and put them where the field is
thin. The rice is threshed by throwing
it in the air and allowing the chaff to
drift away. The straw is used for pil-
lows and making baskets.
.\nother important industry is raising
mulberr\ leaves for silk worms. They are
carried in great nets nii the backs of
mules. The leaves are sorted with great
care.
Man is used as a means of transporta-
tion in China. Men have been paid as
small a sum as two cents to carry a dresser
a mile and half and yet they feel well
paid. Some of them use wheelbarrows,
carts, and passenger rickshas. Men have
been known to travel sixty miles a day
in passenger rickshas. Besides men, mules
and camels are used as beasts of burden.
Instead of having congested roads they
have congested rivers. In one of the main
water highways a man upset his "junk"
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and held up about three hundred liDat^
for three davs before traffic could be re-
sumed.
The biggest railroad in China is one
that is controlled by the government and
is about six thousand miles long.
Some of the peculiar professions of
China are soldiers, priests, and monks who
make their living by trickery, shopmen,
story tellers, street cobblers, public readers,
public writers and fortune tellers.
One of the greatest needs in China now
is sanitation. They seem to have no idea
of sanitation outside of the large cities.
In the next lecture period Professor
Babbitt gave an illustrated lecture on his
trip around the world, telling particularly
interesting things about Japan, China,
.Australia and Java.
"In the early days the Japanese had a
wide knowledge of metals," he said.
There are several huge cast iron statues
stil! in existence that were made in 300
B. C. He showed a view of one that was
forty-seven feet high and hollow so that
people could worship inside the statue.
The Japanese now are copying large
.'\merican buildings. .\ picture of the
Mid City Building of Tokio shows it to
be a very accurate copy of the Chase
National Bank in Philadelphia.
He showed views of the Great Wall of
China which varies in thickness from ten
to one hundred feet and is about 1300
miles long. The Chinese liked to build
marble temples as well as boats and
images for worship. Sanitation is very
poor. The streets are quite narro\v and
the only sewers are ditches in the middle
of the street. .\\\ the waste is dumped
into the street.
Other pictures showed the wonderful
roads that have been built in the moun-
tains of the Philippines, and the large
bamboo bridges that have been built in
Java. Most of them looked like spider
webs and all were of the suspension type.
"In Australia the people take great in-
.
terest in the welfare of the working man."
said Professor Babbitt. The large con-
struction companies build very modern
and permanent homes for their workmen.
Railway Engineerinij
On October 31 the seniors in Railwav
Mechanical and Railway Electrical En-
gineering made a trip to Centralia, Illi-
nois, on the university test car. The route
going was on a regular passenger train
between the engine and the first car. On
the return trip the car was attached to an
extra freight train between the engine and
first car as before. The train was made
up of 65 loaded cars totaling 4,200. The
object of the trip was to acquaint stu-
dents with the subject of train resistance
by means of a dynamometer car. A con-
tinuous record was taken of such items as
speed, drawbar pull of the locomotive, the
relative time, wind velocity, and mile
posts. From this record the students were
able to calculate train resistance at vari-
ous speeds in pounds per ton.
Ceramic Engineering
I he .American Ceramic Societ\" held a
most successful dinner meeting at the
Delta Chi house on Thursday, November
13th. with fifty present. C. H. German
was toastmaster. President Rapp gave a
short talk. They were entertained be-
tween courses by a pledge quartet from
the Delta Chi house. Captain Parsons of
the Military Department was the main
speaker of the evening. His topic was
'Speakers."
Electric Engineerinij
The activities of Eta Kappa Nu for the
current year have been confined very
largely to the selection of new members.
These men, who have been pledged by
Eta Kappa Xu as the outstanding upper-
classmen in Electrical Engineering, are:
F. .\I. Deerhake, G. H. Fett, T. D. Lowe,
r. A. Harvev, B. Gollub, H. Cohenour, D.
L. Pettit, B. Stevens, G. Aichele, R. L.
Dowell, F. D. Humm, and R. Mac-
Clinchie.
Mr. Robert J. West, vice-president of
the organization, was sent by the chapter
to the national convention held at Ames.
Iowa, on November 1+th and 15th.
General
Sigma Phi Delta, Social-Professional
Engineering, held its annual smoker for
freshmen engineers who have made about
a four point average or better for the first
six weeks, on Tuesday evening, Novem-
ber 11th.
Its purpose is to encourage higher
scholarship in the College of Engineering
by acquainting the freshmen with the
honorary fraternities of the different de-
partments and to present them with a goal
toward which they may strive throughout
the four year battle.
The presidents of the various honoraries
spoke. They were * followed by Dean
Jordan as the principal speaker. D. .\I.
Brown gave two vocal selections and G.
T. Sands played his xylophone. Dough-
nuts and applies topped off the evening.
lau Nu Tau. honorary professional
military engineers fraternity, initiated 27
men on November 22nd. Of this group,
four faculty members were initiated as
honorary and 23 junior engineers in the
advanced corps, as active members. The
new honorary members are: Professors
Jamison Vawter, H. E. Babbitt, J. J.
Dolan and Mr. F. W. Stubbs, all of whom
are members of the Officers' Reserve
Corps.
Tau Nu Tau's new chapters at Rose
Poly Tech and the Michigan School of
\lines are functioning smoothly. Plans for
further expansion are being considered by
the local mother chapter.
Dynamite Places Dam
\ concrete block the size of a nine-story
building dropped into the river much the
same as a cardboard is blown in a storm
it is reported in the December issue of
Popular Science Monthly. Water was
thrown several hundred feet into the air,
roaring like a mighty geyser.
Thus a large diverting dam was placed
in position in a single operation in the
Saguenay River. Canada. It is considered
one of the most daring engineering feats
of recent times. .After months of prepara-
tion the job was completed in about six
secotids. Models were made of the large
"plug." The "plug'" was a large obelisk
ninety-two feet high, forty feet wide and
forty-five feet thick and contained 5,500
cubic vards of concrete weighing 11,000
tons. The probable falling was studied by
means of slow motion pictures of the
models as they dropped into place. The
"plug"' landed within one inch of its ex-
pected landing place which shows the
thoroughness and accuracy of the prelim-
inary studies.
\ subsidiary of an aluminum companv
is -"onstructing a large hydroelectric power
plant at Chute-a-Caron about 140 miles
north of the city of Quebec. It is situ-
ated in a gorge in a rocky section of the
river. It was necessary to excavate a
diverting canal into which the river was
turned in time of low flow-.
It was found impracticable to put in
timber cribs and weight them down with
blocks owing to the depth and velocity of
the water. The proposal, in brief, was
this: "Build a large, heavy, reinforced
concrete obelisk or tower of the proper
length on a concrete pier at the edge of
the river, at a convenient place upstream
from the power dam. Mold one side of
this obelisk into a jagged curve so as to
fit, as nearly as possible, the bottom of
the river. Blast away a small portion of
the pier, and the to%ver, curved side down,
will tip into the river and form a coffer
dam."
The next operation was to excavate the
canal. Tunnels were built in the power
dam capable of carrying 50,000 cubic feet
of water per second under the power
house. Following this, the staff under Mr.
Rickey made designs and computations
for the obelisk.
The construction was carried out on top
a concrete pier one part of which was a
supporting pier, the other a thin pier next
to the river. The twenty-five feet of
water in the old channel formed a
cushion for the falling cobelisk. .After
everything was put in readiness dyna-
mite was placed in the thin pier and it
was blown away. This brought down the
obelisk, throwing water several hundred
feet in every direction. The swift current
did not affect the obelisk because of its
great weight and the speed of its fall.
It dropped into place exactly as planned
in a whole and sound condition.
"Why, hello, Pat. I hear you lost your
job in the department store. "
"Oh, yes, I got fired."
"How did it happen?"
"I took a sign from a lady's shirtwaist
and put it in a bath tub."
"Well, what did it say?"
"How would vou like to see your best
girl in this for $2.75?"
—The rirffinia Ticfi Enijinrcr.
My wife and I had a great argument
last week. She wanted a roadster and I
refused to buy it, as I contend, a closed
car is more practical."
"Does she like the new roadster?"
— Tlic Kansas Engineir.
Preacher (who is visiting home for first
time): How high can you count, sonny?
Little Oscar: One, two, three, four,
five, six, seven, eight, nine, ten, Jack,
Queen, King, .Ace.
—Thr luhurn Enginrcr.
.A landlord wrote to his tenant: ""I re-
gret to inform you that mv rent is much
overdue. Will vou kindlv forward me a
check ? "
Back (vent the replv: "I see no reason
on earth why I should pay your rent. I
can't even pay mv own."
—The Michiiian Technie.
"I want to trade this roadster for a
coupe."
"What's the matter with it?"
"Nothing, only I quit chewing to-
bacco." —Ifabash Caveman.
"Mother," said the small boy, "do they
have electric plants in heaven?"
"No, dear," replied the mother, "it re-
<|uires engineers to build electric plants."
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STEPPING INTO FK lUODERN WORLD
THEY SHUT THE DOOR
ON HYBRID STYLES
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Quantity production of equipment has long
been practiced by the telephone industry.
Telephone designers years ago shut the door
on many hybrid styles—seeking first to work
out instruments which could best transmit the
voice, then making these few types in great
quantities.
This standardixation made possible concen-
trated study of manufacturing processes, and
steady improvement of them. For example, the
production of 15,000,000 switchboard lamps
a year, all of one type, led to the development
of a highly special machine which does in a
few minutes what once took an hour.
Manufacturing engineers, with their early
start in applying these ideas, have been able to
develop methods which in many cases have be-
come industrial models. The opportunity is there !
WESTERN ELECTRIC
keeps it locked against variations
in Manufacture >^ ^ h ^ . . .
In telephone making there is no such
thing as "near enough." When a type of
apparatus is decided on, it is up to Western
Electric manufacturing engineers to pro-
duce exact replicas by the thousand.
To this end they have developed to the
wth degree methods of precision manufac-
ture. For instance, in the telephone receiver
there is a tiny gap between the magnet and
the iron disc which transforms electrical
impulses into spoken words. In millions of
receivers this space never varies by so much
as the thickness of a bee's wing!
Keeping the door lock-ed against minute
variations from standard — which could
completely destroy the efficiency
of Bell System service— provides .^—^
truly fascinating work.
As like as two peas
'
' are tiuo— or two
thousand— telephone relays o/"a given type.
IVestern Electric men work steadily toward
the ideal of absolute uniformity ofproduct.
BELL SYSTEM
A NATION-WIDE SYSTEM OF INTER-CONNECTING TELEPHONES
20 rill riA"ii\(H;R.\iMi Dcmln 1930
The Navy's New Airship
(Cnnliiiuid from Paije Ij)
coiuicnsers cause 10 per cent of the total resistance of the
ship to passage through the air. In the ZRS-4 this ap-
paratus is placed alonj: the side and creates much less
drag.
Since the engines ha\e been iiut in the hull it was
necessary to make structural changes from ordinary
Zeppelin practice. The frame of the Los Angeles con-
l-'ii/uii- 2: Cuiural tityiiut iij iln[<
si.sts of thirty-six-sided main rings braced by wires
stretched between all possible corners. Between these
main rings there are two light intermediate rings to
stiffen the longitudinals which run from the nose to the
tail of the ship. A keel extends along the bottom in
which the gasoline tanks, ballast bags and other heavy
loads are placed. The gas bags are suspended between
these main rings and consist of cylindrical containers of
silk lined with "gold beaters skin." the lining of the
intestines of cattle, a fabric which is very expensive but
for which no substitute has yet been found. The ZRS-4
has 12 of these cells and can remain aloft with several
of them deflated.
Evidently if the engines were placed within the hull
as contemplated in the ZRS-4, frame work similar to the
M =?? t' ' 1
/), ibcr. 1930 THE TECHNOGRAPH 21
tonns to iiu-ct the desired strcnsitlis. A typical inter-
mediate girder is shown in Fig. 4a and a lower longi-
tudinal is shown in Fig. 4b. The fittings are made b\
means of gusset plates of different shapes to correspond
to the angle desired.
The major portion of the girders are of sufficient
rigidity for a man to walk upon them which facilitates
inspection of the ship by the crew to find defects in the
structure or in the gas bags. There is also a triangular
gangway at the top of the structure to permit access to
the \alvcs placed in the top. These are necessary be-
cause gas must often be released. The cells are not com-
pletely filled at the beginning of a flight for sufficient
space must be left for the gas to expand as the ship
rises. At times, however, the ship will go over the height
at which the bags are full and gas must be released.
The Future of the Airship
The airship will be used in the future both for mili-
tary and commercial purposes. At the beginning of the
World War the Zeppelins were built both for the (ler-
man army and for the navy. At first they were success-
ful in both fields but after the airplane was perfected and
guns were developed they were abandoned by the army.
It was in the navy that they made their great success, not
in raids on London, which was but part of their work,
but in scouting and patrol duty. It is said that the en-
tire German fleet would have been lost at the battle of
Jutland if the Zeppelins had not warned of an approach-
ing advance of the English. The major work of the
Zeppelins all through the war was patrol duty over the
North Sea. They were particularly \aluable in mine
sweeping. With the aid of surface vessels capable of
raising the mines, the Germans could dispose of them as
quickly as they were laid by the British.
It is to scouting and patrol duty that the U. S. Navy
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Nestor Johnson Flyers
The Greatest Skate Value on Earth
A genuine JOHNSON skate with the
finest Vanadium tool steel runner and
ever> JOHNSON exclusive feature. Price
only $7.00 per pair with shoes.
THE U. of I. SUPPLY STORE
The Co-op On 1 he Square The Co-Op
THE TECHN(~)r,RAPH Dcrember, 1930
Dcpartnifiit iiiteniis to put the ZRS-4. It has a inaxinuiiii
raiiKi' of ten thousand miles which means that it would he
able to convo\ a transport across the ocean and come back
without retuelini;. It has comfortable quarters for the
crew and with tlie airplanes there is a self defense against
enemy planes.
For military purposes strength anti safety are not pri-
mary considerations but in commercial use they are para-
mount. With the use of helium in airships the Americans
belief has been substantiated by the fact that no helium
filled ship has caujjht fire. The point now in question
is the structural strength of airships. Structural design
is on a much better basis than when the Shenendoah
was built and airships can be built to stand many times
the loads that caused its destruction. Airships will never
be built to stand tornados but the airship because of its
speed and range should be able to avoid such storms.
After the completion of the ZRS-4 and its sistership,
the Cioodyear Zeppelin Co. intends to build commercial
vessels for both the North Atlantic route and the Cali-
fornia-Hawaii route. These ships \\-iIl be of the general
dimensions of the ZRS-4 and it is planned to pro\i(ie foi"
one lumdred passengers.
It will have deck area of 12,000 square feet with an
average of over 70 square feet for each stateroom. The
promenade decks have a total length of over nine hun-
dred feet, providing ample space for exercise pf the pas-
sengers. The appointments and features will be just like
any modern small ocean liner. An examination of the
costs of such services will show that the airship can be
operated at a price not out of proportion to the service
it gives. If we consider that an ocean liner may cost
twenty million dollars and will carry less than a thou-
sand passengers, it is not out of proportion to pay a
million and a half for an airship that will carry one hun-
dred passengers.
It is hoped that the airships now being built at Akron
will be a success, for if they are we will no doubt see
airship lines imiting America with both its Colonies and
Europe.
Pumping Gas
(Continued from Pai/e 12)
could be set up over the center of it without serious
settling. Then it was quite simple to turn 45° and
measure the exact distance to one center line while the
telescope held the other one. Later when the steel columns
of the tank were set up it was quite a relief to see them
all line up perfectly.
The homes, which were 5-room houses, were given
to the maintenance engineers operating the plant. The
location of this little community was in the southwest
corner of this property, in a wooded section and a very
picturesque spot at that. The specifications required that
no home could be less than 300' from the 22" main gas
line or the compressor plant as a precaution of safety.
Only those trees were left standing which would resist
the strong winds and which were either in the flower
bed plot or around the buildings. The flower bed was
held in by a 12" curb above the gravel driveway. The
cement sidewalks were made in flagstones of various
colors. With the exception of the two sentinel houses at
the entrance of the driveway the homes were located
at 60° angles to each other. All electricity, gas, and water
was supplied to these homes by the plant and all modern
conveniences were installed and no rent is charged.
The Cover Design—A Roman Aqueduct
Present day methods of water-suppl\ have made it ex-
tremely unlikely that the aqueducts of the Roman Em-
pire will ever be made the models for future work, but
thev exhibit a directness of purpose and an adaptation of
means to an end that is both instructive and sound in the
light of structural logic. These structures achieve a
singularly perfect unity of expression, thanks to the care-
ful subordination of every feature to the general purpose
and effect. These great works which to our modern
eyes are among the most picturesque of monuments were
to those who built them merely a necessary part of a
great engineering project.
The Romans were acquainted with the simple hydro-
static law that water rises to its own level in pipes; and
Frontinus writes that the upper rooms of houses were
supplied by "rising mains": the same principle employed
in modern water-supply. However, in the early Roman
times pipes could be made only of lead or bronze, both
very costly, and since cast iron was unknown, they found
it more economical to construct aqueducts of stone or of
their Roman concrete, faced with brick. The water
channel, having a slight fall, was constructed either above
or below the ground level as the topography demanded.
A study of the aqueduct systems reveals the fact that
the great elevated channels were, in length, but a small
part of the distance through which the water was guided.
The greater part of its travel was, in most of the aque-
ducts, through subterranean mains of stone or terra
cotta, for the Roman engineer thought nothing of tunnel-
ing through a mountain, a distance of three miles, to
create a more direct route for the channel, thereby de-
creasing considerably the amount of fall necessary and
providing a greater head at the point of delivery.
The number of aqueducts we see today testify to the
importance which the Romans attached to an adequate
water supply. This luxury-loving people demanded im-
mense quantities of water for the great thermae, for the
public fountains, and for the domestic supply of the large
population. An estimate places the total flow at three-
hundred and fifty million gallons of water daily.
The primitive method of conducting water from the
mountains to the city, aloft and in state, instead of mean-
ly in a subterranean tube, has in itself an indescribable
charm. No doubt, in the days of Imperial Rome one of
the most impressive sights in the Campagiia must have
been the long, level, flights of majestic arches which bore
the waters of the hills to the citizens of Rome. The
finest Roman aqueducts, however, are in Spain and
France. One of them is at Segovia in Spain and is still
in use; the other is located near Nimes in southern
France and is called in modern times the Pont du Gard.
Each orginally supplied a Roman city in the conquered
provinces.
The aqueduct crossing the River Gard looks as if it
were designed for effect. In building this aqueduct the
Romans forgot the columnar styles of architecture and
built merely tiers of arches on arches until they obtained
the required level for the waterway. The piers have a
large, plain, impost moulding from which the springing
of the arch is set back a little to allow a support for the
wooden centering frame on which they were built. The
central arch the widest, has a span of eighty feet in the
clear. The "specus," or channel, crosses at a height of
one-hundred and eighty feet above the river. In spite of
the fact that the craftsmanship of the masons was precise
enough to permit of the masonry being laid dry, without
the use of mortar, there is still a fine sense of careless-
ness about the irregular wind-smoothed stones.
The Pont du Gard is one of the few works of the
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Romans in which there is nothinji of academical archi-
tecture. The enormous piers stand firm in their massive
dignity, and like a procession bearing gifts hold above
their heads the free-flowing supph of precious water.
()ne great idea, and that idea natural and appropriate
to the initial purpose, permeates the whole composition ;
and whether this is the product of blind economy that
could not add a \ ulgar and inessential ornament to the
structure, or of a superb artistry that would not, there
stands the finished work, harmonious, enduring, beauti-
ful, and absolute.
E. E. Department Is Host to Convention
The University of Illinois had the privilege of being
liost to the engineering section, Great Lakes division, of
the National Electric Light association, when that body
held its 1930 fall meeting on November 12-14 in L^r-
bana. Approximately 175 engineers from various public
utility companies in Illinois, Indiana. Michigan and Wis-
consin were present. The purpose of the association is
to discuss the different problems that arise in connection
with public utility methods and practices and to investi-
gate which are the more effective.
The general topic of the meeting was "Power-System
Insulation" and Mr. A. D. Bailey, chairman of the en-
gineering national section of the N. E. L. A., opened the
session with a brief discussion of the problems involved.
Many outstanding engineers from all over the L nited
States were present to speak at the meeting, among them
being Prof. C. F. Harding, head of the electrical en-
gineering school at Purdue university. Dr. H. L. Curtiss,
chief physicist of the bureau of standards at Washing-
ton, D. C, and Mr. D. D. Chase of the General Electric
STANDARD BY WHICH
QUALITY IS JUDGED
in allforms of
RUBBER INSULATED WIRE and CABLE
VARNISHED CAMBRIC WIRE anoCABLE
IMPREGNATED PAPER CABLE
AND TAPES
lanufaciured bjf^
THE '\
cT '^ Okonite Compan^
The OkomteCallenderCab
50I FIFTH AVENUE, NEW YORK,- N.Y.
An organization that covers many fields
H^v/ advances in refrigeration
COMPANY,
Now, when mechanical refrigeration stands at
the dawn of a new era—frozen foods, low tem-
perature requirements-the American Engineer-
ing Company is found among the pioneers in the
van of this new development. As manufacturer
of the Taylor Stoker, the Lo-Hed Hoist, Juruick re-
frigerating machines and equipment for yachts,
commercial vessels and naval craft, this com-
pany has been designing and building fme ma-
chinery for more thanseventy years. Now, it offers
o complete line of refrigerating equipment.
ARA MINGO AVENIM;, PHILADELPHIA
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company at Schenectady, New York. Mr. L. V. Hickcr-
iiall, who is chairman of the engineerinn section, (Ireat
Lakes division of the N. K. L. A., jjave a talk on "Factors
Intluencinj; f'ower-Systcm Insulation." The Universits
of Illinois was represented hy Prof. 1",. H. Paine, head ot
the department of electrical enijineerins;, and Prof. j. ( ).
Kraehenhiiel of the same department.
The talk given by Prof. Paine on "Cable Testing
Methods" was exceptionally interestinj;. Since the re-
seardi work in connection with this investigation has not
been completed there are no statements ready for publica-
tion, but a general idea of the work being carried on b\
Prof. Paine nia\' be obtained from the following state-
ment which was released through his office.
"This co-operative investigation was begun four years
ago and has been financed by the Utilities Research com-
mission of Chicago, Illinois. The object of the investiga-
tion is to develop, if possible, better methods of testing
high voltage power cables. A test is greatly desired
which will disclose the quality of the cable on test.
"It has been assumed that deterioration of the cable
insulation under voltage stress is accompanied by ioniza-
tion discharges within the composite insulation. The
phenomena of ionization have been studied in thin gas
films and' bvibbles between a conductor and an insulator
and also between two insulating surfaces. Experiments
have been made with corona discharges from wires under
various conditions. The aim of these studies has been to
determine which, if any, of the phenomena associated with
such discharges may be made the basis of satisfactory
tests on actual cables. It has been found that there are
abrupt changes of current during ionization. These dis-
turbances may be considered as surges or impulses super-
posed upon the charging current. This effect is extremely
small when compared with the magnitude of the charg-
ing current and for this reason such discharges are not
observable in an oscillograph record of a cable current
taken in the usual manner. Methods have been developed
for balancing the cable charging current and for amplify-
ing and rectifying the residual discharge currents so that
their average value may be determined on a sensitive in-
dicating instrument.
"A discharge detection bridge based on these principles
has been developed and has been used in tests at the
University and also at the high-voltage laboratory of the
Commonwealth Edison Company in Chicago. This work
leads to the conclusion that this bridge affords a reliable
method of testing the thoroughness of impregnation of
cable samples. Much additional work remains before
the relation between ionization discharges, as determined
by the bridge, and quality of cable under voltage and
stress may be determined.
"Some progress has been made to develop radio-fre-
quency apparatus whereby the location along a cable
sample of a source of ionization may be found. The
feasibility of detecting ionization from mechanical vibra-
tion as produced by ionization has been studied."
New Members to Tau Beta F*i
The local chapter of Tau Beta Pi, national honorary
engineering fraternity, announces the pledging of twelve
juniors and seniors. The initiation was Wednesday after-
noon, December US, at the Wesley foundation, and was
followed by a banquet at the Inman hotel that e\ening.
The pledges are W. P. Jones, Ci. H. Fett, Don John-
stone, Melvin M. Culp, F. S. Cooper, J. F. Chandler, H.
D. Imhoff, F. M. Somers, G. W. Pickels, C. M. Mac-
Kenzie, J. N. Pirok, and C. J. Luckman.
A Simple Device to I^ocatc a l^oint on Line
Between Pwo ( ji\ en Points
L. P. Ml uiMi'i ',>!
In sounding rivers and small lakes it is common
practice to lay out range lines by setting a flag on each
bank, taking soundings from a boat while running be-
tween the flags, and intersecting these soundings by a
transit or sextant. The accuracy of the work depends
a great deal upon the boatman's keeping his boat on line.
It is difficult for a boatman to do this without some
means of lining himself. Where the banks are steep and
vegetation close to the water it is expensive to cut a line
back far enough to set two flags on line with the op-
posite bank flag. It is also expensive and unsatisfactory
to keep a man on the bank to wave the boatman on line.
Primarily for this purpose the Avriter constructed the
device shown in the sketch to be worn by the boatman,
which gives him exact control of his location. The de-
vice was found very usefid in numerous other ways
around the survey work. New uses were continually
being found for it.
The device is made up of two mirrors placed at right
angles to each other, connected to a miner's cap by a wire
frame. When in use one of the mirrors falls directly in
front of one eye of the boatman, directing the line of
sight back past the side of his head. The line of sight J
of the other eye is ahead and parallel to the back line I
of sight. When the rear flag and the fore flag coincide
or one is directly abo\e the other, the two flags and the
instrument are in a straight line. It takes a little practice
in order to accustom the eyes to work together in this
wa\-. Those who can not use both eyes may use one,
and by nodding the head slightly look first in the mirrors
and then under, thereby obtaining the same results.
In constructing this device great care must be taken
to see that the mirrors form an angle of exactly 90 de-
grees. The writer found it difficult to do this by instru-
ments but by using a transit to lay out three points on a
line, setting the mirrors at the middle point and adjust-
ing them so the two remaining points coincide the job
was \erv satisfactorilv and easily done.
Don't forget the Sclmefer essay contest. The rules
were printed in the October Technograph, and are posted
on the bulletin board in Engineering hall. There is no
time like the present to start ivriting your articles.
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Civil Engineering* Research
(Continuid from Paijr 7)
OiK of the important stages of this process involves the
aeration of the sewage. The methods by which sewage
may be aerated include air diffusion, mechanical agita-
tion, and aspiration. Air diffusion is the method most
commonly used in the United States. It consists of blow-
ing air through the sewage, keeping the sewage in con-
tact with air bubbles passing through the mass of the
liquid for periods of four to six hours. The air must be
washed, compressed, and passctl through tlifluser plates
with fine pores, the plates being placed at the bottom of
the aerator tanks. The construction of the aerator tanks
and the washing and compressing of the air are costly,
and the power consumed is a large item in operation.
In mechanical agitation the surface of the sewage in con-
tact with the atmosphere is broken by paddles or other
mechanical means exposing rapidly changing films of
sewage to the atmosphere. This method does away with
air compressors, diffuser plates, and other operating dif-
ficulties, and requires less power for its operation. Be-
cause the aeration tanks must be shallow and a large
area of the surface of the sewage must be exposed to the
atmosphere, the amount of land required by the process
is large. The method has not been widely used in the
United States. The aspiration method for the aeration
of sewage has not been tested, nor has it been used in
practice. In the process, air is sucked into a pipe through
which sewage is flowing at a high \elocity, resulting in
the formation of fine bubbles evenly diffused throughout
the sewage. The advantages and disadvantages of the
process have not yet been demonstrated. The Civil En-
gineering Department is conducting an investigation of
the aeration of sewage by aspiration and will compare
the results obtained with aeration by mechanical means
and by the diffusion of air bubbles through sewage. This
project is being financed by the Vogt Brothers Manu-
facturing Company and is under the dii'ection of Pro-
fessor H. E. Babbitt. Research graduate assistants W.
R. Hildeman who graduated at the University of Illi-
nois and G. C. Unger, who graduated at the University
of Virginia, are conducting the investigation.
LOAD DISTRIBUTION B Y TIMBER
I'LOC^RS—When a heavy load is placed on a relatively
small area of a floor the parts of the floor adjacent to the
aiea to which the load is actually applied assist in carry-
ing the load. A concentrated load, so called, may be
applied to the floor of a highway bridge b\- the wheel
of a motor truck, to the floor of a factory b\ the base of
a heavy machine, to the floor of an office building or
store by a castor of a safe, or to the floor of a residence
by a castor of a piano or the leg of a sofa. Before an\'
floor which is to carry such loads can be designed it is
necessary to deternu'nc the effective width, measured
parallel to the supports, over which a load may be con-
sidered as uniformly distributed to give the same maxi-
mum stresses in the floor as given by the actual dis-
tribution. Before the effective width can be computed
it is, of course, necessary to determine the actual dis-
tribution. This problem is being investigated for the
various types of timber floors used in bridges and build-
uigs. In this work the university is being given financial
assistance and technical advice by the National Lumber
Manufacturers Association. The project is being directed
by the writer and W. A. Oliver, Instructor in Civil
Engineering, research graduate assistant Walter Klet-
ting, a graduate of the Universit\- of Utah and L. F.
Buran, a graduate of Carnegie Institute of Technology
are coiidLicting the investigation.
Used by Leaders
in Every Industry
BAILEY PRODUCTS, already so
firmly established in the Central
Station Field that they are standard
equipment in more than 95'"^ of the up-
to-date plants, are now being used more
and more by the leaders in every line
of industry—where they are reducing
the losses, improving combustion con-
ditions and providing accurate, reliable
and trustworthy data for accounting
systems.
BAILEY PRODUCTS
Automatic Control Liquid Level Gages
Boiler Meters Manometers
Coal Meters Multi-Pointer Gages
Draft Recorders Pressure Recorders
Drainage Controls Pump Controls (Group)
Feed Water Regulators Pump Governors
Fluid Meters Selsyn Operated Gages
Gas Flow Meters Tachometers
Gravity Recorders Temperature Recorders
V-Notch Weir Meters
Bailey Meter Co.
Cleveland, Ohio
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The world's first anti-friction bearing
locomotive—completely Timken-equipped
in le.idinK truck %\heeK. driving
%\ heels, trailer w heels, tender \\ heels,
I, sjieed druer of \al\e pilot and
contiol governor
TIMKEN \-W BEARING
BQUIPPED
Modern Transportation
Rolls On Timkens
Swiftly . . . smoothly . . . silently . . . the modern train 'gathers speed or
slows to a stop without a jar or jerk. Looking for the reason, student
engineers find Timken—the same bearing that has licked the toughest
jobs throughout all Industry—the most powerful weapon available to
them in their future war against mechanical waste and inefficiency.
In railroad cars Timkens have justified their use and proved their
supremacy in one hundred million car miles of travel on one rail-
road alone.
And why not? For thirty years and more, Timken Bearings have
reigned supreme over friction ; have carried not one type of load, but
a// loads—radial and thrust—measured in pounds or thousands of tons.
In the air and on the water, by road and rail, Timken tapered construc-
tion and Timken-made steel roll on to new triumphs—saving power
and lubricant . . . promoting dependability . . . assuring extreme econ-
omy of maintenance with supreme defiance of depreciation.
In train service they afford the luxury of smooth, silent travel, with
starting resistance reduced 88%.
One hundred and thirty-four railroads are now using or testing
Timken Bearings, so it does not seem a far cry to the time when
all transportation
—
passenger cars, freight cars, mine cars, motor
trucks, buses and motor cars will be traveling totally Timken Bearing
Equipped. They will not be modern unless they are. The Timken
Roller Bearing Company, Canton, Ohio.
mi^m 'NJ? TaperedRoller EmAimm
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Fire Tests of Welded Steel
Floor Construction
rile Ndveiiihei ivMie <it l''.MKiiiccriiig aiul
('omractiiif; tells us that a research project
has been uiidcrtakcii bv the l". S. Bureau
of Standards in co-operation with the
American Institute of Steel Construction
to determine the fire resistance of a new
type of welded steel floor construction.
The following details are \i\\-en in the
Seplemlicr Technical News Hiillctin of
the bureau.
The structural eleinents of this type of
floor consists of rolled steel beams,
generally 3, 4, or 5 inches in depth, span-
ning between girders, the upper flanges of
the beams lieing welded to steel plates
generally [4 inch thick. The beams are
spaced 2 feet apart, the steel plate serv-
ing the purpose of the usual floor slab.
Kirc exposure will be applied to the
floors from below in most tests but in six
tests fire exposure from above will be
applied by burning combustible ma-
terials, such as wood and paper in
amounts from 10 to 40 pounds per s(|uare
foot of floor area. \'arious degrees of pTo-
tection will be gi\'en the upper surface
of the steel plate floor for these tests,
from the bare plate to protections of 2-inch
thickness of light-weight concrete.
The fire exposure from belo\v will be
obtained with a gas furnace using 48
horizontal venturi-tube induction burners.
The protection applied to the beams will
vary for the different tests from a '4"i"<^'i
thickness of plaster on metal lath to 2-
inch gypsum slabs, hung from the lower
beam flanges to form a suspended ceiling.
Three tests in which a hose stream will be
applied to the heated floor after a period
of fire exposure will also be included.
The floors will be supported during
test within a heavy steel restraining
frame, and superimposed loads of 4i to
IfiO pounds per square font will be main-
tained constant during the fire tests. For
some tests the floor connections with the
restraining frame will be designed to give
full restraint to the construction during
test, and for others the ends of the beams
and plates will be freely supported with
opportunity for expansion. The test floors
will be 1 feet long and 13',/> feet wide.
Instruction School for Linemen
We read in the September issue of the
Klectric Railway Journal that the Cleve-
land Railway has developed an effective
method of training its employees. If
workmen are told how to do a certain job
and are given a demonstration on a model
at the same time thev are better able to
understand the problem. .\ sinall scale
model of actual overhead construction has
been erected in the basement of the line
division headuuarters for the instruction
of linemen. Poles, feeder cables, span
wires, frogs and crossings are included in
the model. The men are shown how to
locate switch frogs accurately, the proper
method of making various ties, the location
of h
and
T
plai
diff.
reaks or grounds in telephone circuits,
other iiuunnerable items,
he systetn of line maintenance is ex-
ned to the men and the stages at which
•rent fittings are considered \vorn out
shown by fittings which have been
i)ved from the line. The expense for
materials such as ears, splicers, frogs
trolley wire has been reduced con-
rably from the previous year. There
a decrease of 3,020 ears last year.
Is the Potter's Wheel Passing?
We read in the October issue of
Crriimic .liji' that the potter's wheel has
kept turning through the pages of litera-
ture since man first inscribed his achieve-
ments for other men to read. From Persia
to Rome, from England to America, the
potter's wheel has stood for the instruinent
of the Cireat Potter as he created life and
form. Will this symbol of the poet pass
into the limbo of forgotten arts? Or will
the potter's wheel keep turning, down the
ages ?
Out at the Cowan Pottery Studio in
Rocky River, Ohio, there stands a potter's
wheel, silent and still except when
touched by the deft hands of Guy Cowan
or of one of his assistants, who has been
a potter for 44 years, and whose fore-
fathers were potters in England. Only
these two, of the many potters in the
studio, know the way of the forming
wheel. For the delicate art-work is done
by casting, an English clap slip being
poured into the plaster moulds. By this
means, the finest slenderest forms can be
made—deer with branching antlers,
nymphs with lithe arms swung aloft,
herons on slim legs, and swans with long
curved necks. No potter's wheel or lathe
could cut those delicate dancing figures
\\hich poise on the shelves.
Many poems have been written describ-
ing creation in terms of the pot and the
potter. The most well-known stanzas are
those of the Persian poet, Omar Khay-
yam, in his Rnbaiyat, translated by Ed-
ward Fitzgerald:
"For 1 remember stopping by the wav
To watch a potter thumping his wet
clay
;
And with its all-obliterated tongue
It niiirniured—'Cently, brother, gentiv,
pray.'
"
.\nd Longfellow in "Keramos":
"Turn, turn, my wheel! Turn round and
round,
W'ithout a pause, without a sound:
So spins the flying world away!
This clav, well mixed with marl and
sand,
Follows the motion of my hand ;
For some must follow, and some com-
mand.
Though all are made of clay!"
The tune of the potter's wheel is d\ing
out. Soon it will be only an echo. Will
this svmbol of life in the making pass
with the spinning wheel into the attic of
forgotten things?
Reniodeling of Old Buildings by
Brick Veneering
There has been a noticeable slowing up
of new residential building the last year
or two, and, generally speaking, surveys
made from many reasonably accurate
building interests indicate that the imme-
diate future may be expected to see a
continuance of this trend. Hard times,
due to the general unemployment situa-
tion, has greatly decreased the demand for
new homes. The demand, however, for
modern living conditions continues and
will continue indefinitely. A demand al-
ways occasions a supply. This time the
brick industry has advanced a feasible
and practical plan for modernizing obso-
lele buildings.
t)ld buildings are remodeled and given
a veneer of brick. This greatly improves
the appearance and also increases the
value of the property. Private dwellings
are perhaps the biggest field for this work
as they are always in demand and this
method is at present the best way in
which the obsolescence problem in resi-
dential buildings may be met. Very large
homes, commonly known as "White
Elephants," may be made over into at-
tractive and cozy apartment buildings.
Old factory buildings, churches, and the
like can be quickly changed from an eye-
sore to beautiful and profitable buildings
at an expense very much less than that
required to tear down and build over.
New Mystery Plane
Three l^. S. inventors have completed a
"rotor airplane," we are told in the No-
vember issue of Popular Science Monthly.
This strange craft without wings is lifted
b\" means of metal spools two feet thick
which whirl on spindles. It is secretly
being tested in New York. The inventors
claim that their plane can lift ten times
the load of any other plane of equal
weight and that it is speedier and more
economical to house.
.\ standard airplane engine with a
three-blade propellor pulls the wingless
craft forward while an auxiliary motor
whirls the three spdol-like cylinders. It
works on the same principle as a spinning
baseball curve. The "Magnus Effect,"
named after its CJerman discoverer, states
that a cylinder spinning in a breeze tends
to move at right angles to the breeze be-
cause of the unbalanced pressure it creates.
Flettner, a (ierman engineer, applied the
idea to his "roter ship" when he sailed to
New York across the Atlantic. The power
was supplied b\ two tall cylinders re-
voKing in a crosswise wind by means of
electric motors. The two tall cylinders
lowered the pressure in front of the stacks
and increased the pressure behind the
stacks which difference in pressure caused
the ship to move.
In 1910 and l')2-1 ainr:ift of the rotor
type were built witlioiil much iipparent
success.
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WHERE THE CHIMNEYS LOOM
LURKS TIME, THAT TOUGH OLD TESTER
Where the chimneys of industry loom black asainst the sky. Time,
That Toush Old Tester, draws his deadliest weapons. With acids
and alkalies, with shattering vibration and ceaseless strain, he here
attacks the works oF man with greater eagerness, to prove how long
things last.
And here, amid the mightiest of Time's destructive forces, you will
find Reading 5-Point Pipe . . . resisting corrosive gases and fluids
. . . absorbing shock and strain in its tough, fibrous structure . . .
lasting from two to five times longer than ordinary pipe under Time s
severest tests!
For Time . . . That Tough Old Tester . . . must stay his hand before
Reading 5-Point Pipe, whether he finds it installed above ground
or below. The long generations have shown that Genuine Puddled
Wrought Iron, the material ofwhich this pipe is made, defies Time's
onslaughts as does no other. That is why Reeding 5-Point Pipe
means enduring economy, enduring satisfaction.
READING IRON COMPANY, Reading, Pennsylvania
For Xour Protection
This Indented Spiral
Forever Marks
Use
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lcl^^tit^ .it Ihf Muin^; hul> i> uitlihtUI,
but the nuinorx of Iut answer liiij;ers on
with the instructor of a hij;h school
science. One of the requirements in the
written quiz was: "Define a bolt and tun
and explain the difference if any. "
'I'he girl wrote, '.\ bolt is a thing like
a stick of hard metal such as iron, with
a square bunch of windings on one end
and a lot of scratching wound around the
other end. A nut is a similar to the bolt
only just the opposite, being a hole in a
chunk of iron sawed off short, with
wrinkles around the outside."
No wonder the prof gave her an A in
the course. — Tltc Kaiistis Ejujttifrr.
""yea bo, I'm an athlete from way back.
1 hurl the discus for A. P. I.
"Sav kid, vou're no individual, 1 throw
the switch for A. & W. P.
—The .lulnirn hni/inni.
Soph: I'm going out to .Adam and
Eve's place.
Senior; .Adam and E\'e's place. I ne\er
heard of that. Where is it?
.Soph: 281 Apple.
— Till' .hihitiri Kjit/iufi't
.
Ilaworth: I could not get problem 8,
professor, it is too hard.
Prof. Vawter: ^es, I know, it's that
dam problem.
Freshman getting off the train
Looks of dumbness very plain;
Young and eager trusting faces,
Kull of wonder at seeing places.
A few arrived in search of knowledge
Hut most of them just came to college.
— The Michiyan Teihiiit.
"They laughed when I went to the
piano, but their laughter changed to as-
tonishment when I carried it out," trilled
.Mgv, the piano mover.
— The Miehuian Te,hm,.
\ minister while passing a group of
convicts at work on the country roads,
became very much depressed at the
wickedness of the world. "My good men, "
he exhorted, "we should strive to mend
our ways."
"Well, wotinell you think we're doing,"
asked No. 3283, "digging fishworms?"
—The Miehitian Teehnie.
There are many sprays and powders to
destroy insects, but the proper way to
handle an unwelcome guest is to ride him
out home in the rumble seat and then
put him in the folding bed.
—
Exchange.
j.ike, the H.ihuiik, savs his idea of a
real optimist is the freshman who was
seen reading the bulletin concerning the
pa\m entof alumni dues.
— Tlie Miihii/an Teehuu.
lireatlies there a man w'wh soul so dead
rii.it never to himself hat said,
.As he stubbed his toe against the bed,
— The Kansas Eni/ineer.
Ilubby: "^'nu're going for a ride with
me, aren't you.'*"
Wife: "I'm not the person ti^ back out."
Ihibb) : "No, it \vould be better feu- the
garage if I did."
—The Kansas Entjinrer.
lie: ^'es, I changed schools.
She: Oh! I'm so glad. I never did
like engineers, for they always leave blue-
prints on your neck.
—The Purdue Eufjineer.
"Any good shooting on your farm?"
asked the hunter of a farmer.
"Splendid!" replied the agriculturist.
"There's a threshing-machine salesman
down in the meadow ; a farm relief
congressman in the hay loft; a vacuum
cleaner peddler in the house; a radio
salesman coming in the front gate, a
candidate down at the barn, and two
tramps in the corn crib.
. . . Need zn\
shells?" —Life.
'
He: "Do \ou know the secret of popu-
larity?"
She: "^'es, but mother says I musn't."
—Ohio Slate Eni/ineer.
Professor (addressing medical student) :
"The muscles of the patient's left leg have
contracted until it's much shorter than the
right. Therefore he limps. Now, what
would \()u do in such circumstances?"
Student: "I'd limp too."
-Piillilindei.
"Do you and your wife ever think the
same, John?"
"When I stay late :it the club we do.
She keeps thinking of what she'll sa>
when I get home, and so do I."
—E.yehanae.
It is understood that John D's latest
philanthropy will be to bu\ chairs for
the standing army.
— The Kansas Engineer.
Many young men spend a lot of tim
tinkering with misses in their motors.
—The Co-operative Engineer.
The Iiuig \u:\i\ Cati' in front of the
government telegraph office at Chi Wango
lao proudly gives out advertising cards
in both Chinese and English. The latter
side reads: "Dinner, drink, smoke, con-
lectionar\' and all kinds of foods are good
and cheaply. The rooms are cleanly and
broadly. The servants are kindly. If you
can come we are welcome and vou will
satisfv." —The Nebraska HI ue' Print.
Beyond the dim glass of the heavily
panelled door, figures moved about, talk-
itig and gesticulating.
'Shoot Jimmy Walker," shouted a voice.
"Bury Hoover, " the raucus voice con-
tinued, "and kill Justice Taft."
"\\'ait," ;inother \'oice bellowed. "Boil
^lo\^n Commander Byrd to the bone. Cut
I.nngworth in half, do the same to Alice;
and put twenty sticks of dynamite instead
of five in that explosion."
With a sigh of relief the city editor
drew out his watch. "Guess we'll make
the first edition," he muttered, as the
photographer returned with a photo of
Mayor Walker, and the typewriter took
cm added speed. —Judeje.
Helpful waiter: What about some
tongue, sir?
Mr. H. Peck: I had some of that this
morning.
H. W.: Well, then, how about some
cold shoulder?
Mr. H. P.: I'll get some of that to-
night. —The Rose Teehnie.
.\ drunk was passing a subway excava-
tion when he stopped for a moment and
called down to the man in the pit: Shay,
whatcha doin' ?
"W^e're building a subwa\," one of the
men replied.
"How long will it take you to build
it?" inquired the drunk.
".About eight years," was the response.
"Eight year, (hie) To 'ell with it. I'll
take a taxi." — Tlie Rose Teehnie.
Engineer (yelling to man walking on a
newly laid stretch of concrete): Hey, you
!! !?!
,
Cet ofTa there, that's still wet."
Advised (magnanimously): "Oh, that's
all right. I've got rubbers on."
—The Iowa Engineer.
While a play was in progress a lady
turned in her seat and said to a man be-
liind: "I hope m\ hat is not annoying
"It is, madam," was the reply, "for my
wife \\ants one just like it."
— The Sehraska Illne Print.
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J-qOX Contractors used
Equipment
I. Flooring PlonI owned by the Norlh
Eoitern Conslruclion Co. of Baltimore
conjiiting of One 21 S Standofd
Building Mixer ond Ronsome Wood
Tower, Boom and 48' Chute.
1, Merritt-Chopmon & Scott Corporo-
tion of New York City & Boltimore
uied o Ronsome 28SStondard Build-
ing Mixer purchosed in 1908. Still
going strong offer over 20 yearil
3. P C. Straett Engineering Co. of
Boltimore used a Ronsome Heovy
Steel Tower. Ronsome M-S ond 7S
Standard Building Mixers.
the
mas Sti'eet
'ceanlerminal
in Baltimore—
and finished the Job onTime/
The McComas Street Ocean Terminal is the first unit of
the $50,000,000. port development program of Balti-
more, Md.
This project cost $8,500,000. and took 27 months to
jj? complete. It involved the construction of a two-story con-
crete merchandise warehouse; two two-story wharves;
a one-story pier shed; a rest house and commissary;
a shop building; and yard terminal facilities having
more than five miles of apron, switching and yard tracks.
Four contractors used Ronsome equipment—as shown Ih
the above illustrations.
The schedule was rigid. Large penalties were set for
failure to meet contract completion dates. The job was
done on time.
4. The Empir
Baltimore us
Building Mixei
Construction Co.
d o 21-S Stondt
of
On large construction jobs, it is not unusual to find
several contractors who use all Ronsome equipment.
Foldar "D" describes the entire Ronsome Line. Send for your copy today.
Ransome Concrete Machinery Company
18S0 — Service for 80 Years — 1930
32 'ini' 'n:c'HN()(;RAPH Decetnher, 1930
TWENTY-EIGHT miles upstream from New
Orleans a great flood gate known as the
Bonnet Carre spillway is being completed. In
times of high water this concrete dam on the
east bank of the Mississippi will tap the flood
before it reaches the city, diverting the danger-
ous excess into Lake Pontchartrain.
The Bonnet Carre spillway consists of a con-
crete dam and a pier-and-weir section about 7700
feet long. The weir sections, which are twenty
feet wide between the piers, have timber needles
on the crests at two levels— elevations 16 and 18
A traveling crane, on a bridge spanning the
piers, removes the timber needles for discharge.
N. E. C. equipment played an important part in
the construction set-up. Two Koehring Cranes
handled aggregate at the material bins and a
third Koehring placed the concrete with an
Insley bucket. Two large Smith mixers mixed the
127,000 cu. yds. of concrete used on the project.
Wherever you find construction work in prog-
ress, you find N. E. C. equipment!
KOEHRING
Pavers, Mixers; Power Shovels,
Pull Shovels, Cranes, Draglit
Dumptors.
INSLEY
Excavators; Concrete Placing
Equipment; Cars, Buckets,
Derricks.
T. L. SMITH
Tilting and Non-tilting Mixers,
Pavers, Weigh-Mix.
y
PARSONS
' Trenchers, Backfillers.
C. H. & E.
Portable Saw Rigs, Pumps,
Hoists, Material Elevators,
Ditchers.
KWIKMIX
Mixers — Concrete, Plaster and
Mortar.
_
National Equipment
Corporation 30th St. & Concordia Ave.Milwaukee, Wisconsin
ETTIN<
The referee's whistle blows. Up goes
the ball. The opposing centers leap into
the air and one, a little more alert, a
little better endowed by Nature than hi-
adversar\-, tips it into the hands ot" .1
waiting team-mate. So it is in basket-
ball— and so it is in the vastly more
important game of life which starts in
earnest after text-books and examina-
tion papers are finally laid aside.
In the sales departments of Westing-
house, as with other great national
organizations, are many younger college
men— graduated within the past five
or ten years— whose alertness and
ability are winning them no small
measure of reward. Not only in the sale
of electrical goods to dealers, jobbers,
and power company stores, but in im-
portant negotiations for equipment
with central stations, railroads, shipping
lines, governments, industrial concerns
and building contractors, success dc-
^*
I r^
F. E. Uhl
The new G-E hu-grid-current Pliotron tube capable
of measuring a current as small as 10-" ampere
This Little Tube Measures Stars
Centuries of Light Years Distant
|Y MEANS of a new vacuum tube called a low-griJ-current Plio-
tron tube, astronomers can gather the facts of stellar news
with greater speed and accuracy. In conjunction with a photoelectric
tube, it will help render information on the amount of light radiation
and position of stars centuries of light years away. It is further
applicable to such Lboratory uses as demand the most delicate
measurement of electric current.
So sensitive is this tube, that it can measure 0.000,000,000,000,000,01
of an ampere, or, one-hundredth of a millionth of a billionth of an
ampere. This amount of current, compared with that of a 50-watt
incandescent lamp, is as two drops of water compared with the entire
volume of water spilled over Niagara Falls in a year.
General Elecirk leadership in the development of vacuum tubes has largely
been maintained by college-trained men, just as college-trained men are
largely responsible for the impressive progress made by General Electric in
otherfelds of research and engineering.
JOIN us IN THE GENERAL ELECTRIC PROGRAM, BROADCAST EVERY SATURDAY EVENING ON A NATION-WIDE N.Ii.C. NETWORK.
95-83IDH
GENERAL®ELECTRIC
